METHOD 4435

SCREENING FOR DIOXIN-LIKE CHEMICAL ACTIVITY IN SOILS AND SEDIMENTS
USING THE CALUX® BIOASSAY AND TEQ DETERMINATIONS

SW-846 is not intended to be an analytical training manual. Therefore, method
procedures are written based on the assumption that they will be performed by analysts who are
formally trained in at least the basic principles of chemical analysis and in the use of the subject
technology.

In addition, SW-846 methods, with the exception of required method use for the analysis
of method-defined parameters, are intended to be guidance methods which contain general
information on how to perform an analytical procedure or technique which a laboratory can use
as a basic starting point for generating its own detailed standard operating procedure (SOP),
either for its own general use or for a specific project application. The performance data
included in this method are for guidance purposes only, and are not intended to be and must not
be used as absolute QC acceptance criteria for the purposes of laboratory accreditation.

1.0 SCOPE AND APPLICATION

For a summary of changes in this version, please see Appendix A at the end of this
document.

1.1 This method is a bio-analytical screening procedure for dioxin-like compounds in
soils and sediments. This method is based on the ability of dioxin and related chemicals to
activate the aryl hydrocarbon receptor (AhR), a chemical-responsive DNA-binding protein that is
responsible for producing the toxic and biological effects of these chemicals. Measurement of
the level of activation of AhR-dependent gene expression by a chemical or chemical extract
provides a measure by which to estimate the relative potency and toxic potential of these
chemicals and/or extracts with resulting values expressed as toxic equivalents (TEQs).
Information on a commercially-available genetically-engineered cell line that contains the firefly
luciferase gene under trans-activational control of the AhR (Ref. 41) can be found at the
following website: http://www.dioxins.com!/.

This cell line can be used for the sensitive detection and relative quantification of AhR
agonists and agonist activity of complex mixtures. The in vitro assay is designated as the
chemical-activated luciferase expression or CALUX® assay. The most widely studied class of
compounds that activate this system is the polychlorinated diaromatic hydrocarbons (PCDH),
such as 2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD). The relative toxic and biological
potency of many PCDH compounds are quantified and expressed relative to that of 2,3,7,8-
TCDD, since this is one of the most potent activators of AhR-mediated effects, including gene
transcription. This relative quantification approach generates overall potency values as TEQs
and the results obtained from using this method provide a measure of TEQs in a sample.

1.2 By using the sample processing procedures in this method and an affinity column
(Ref. 42), polychlorinated biphenyls (PCBs) can be separated from chlorinated
dioxins/dibenzofurans (PCDDs/PCDFs) making it possible to determine what portion of the total
TEQs of a sample is due to each of these classes of compounds. This is the dioxin/furan- and
PCB-specific (DIPS) analysis or the DIPS-CALUX bioassay for dioxin-like chemicals.

1.3 The AhR-dependent mechanism of the toxic and biological effects of dioxin-like
chemicals and the basis of the CALUX® bioassay measurement and estimate of TEQ is shown
in Figure 1 (Ref. 13). The AhR receptor complex is capable of binding dioxins, furans, PCBs
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and other dioxin-like compounds. Once these chemicals bind to the AhR, the complex migrates
into the nucleus where it specifically binds to the ARNT protein. The resulting chemical
AhR:ARNT complex then binds to a specific DNA sequence, the dioxin responsive element
(DRE), which is present upstream from many genes including that of CYP1A1, and this binding
stimulates expression of the adjacent gene. In the case of the CALUX® assay, a plasmid
containing four DREs immediately upstream of the firefly luciferase reporter gene was stably
transfected into the mouse Hepa1c1c7 cell line to produce the recombinant cell line H1L6.1¢3
(6.1 cells). This transformed cell line responds to toxic PCDDs, PCDFs and PCBs, and high
molecular weight polynuclear aromatic hydrocarbons (PAHs) with the dose-dependent induction
of firefly luciferase (Refs. 13-16 and 34). Comparison of these results to a 2,3,7,8-TCDD
standard curve for induction allows for determination of the TEQs in a given sample.

1.4 By using sample processing procedures in this method, it is possible to separate
polyhalogenated biphenyls from polyhalogenated dioxins/dibenzofurans present in the same
sample. Using this DIPS-CALUX® bioassay it is possible to determine the portion of the total
TEQ activity in a given sample that is due to each of these classes of compounds (Ref. 6).

1.5 Toxic Equivalents (TEQs)

The concept of TEQs has been promoted by the World Health Organization to provide a
means of quantifying for risk assessment purposes the toxicity of a family of chemicals with a
similar overall mechanism of toxicity (Ref. 38). The family of dioxin-like chemicals (PCDHSs)
within this group includes 7 chlorinated dibenzo-p-dioxin congeners with 4 to 8 chlorines on the
molecule, 10 chlorinated dibenzofuran congeners with 4 to 8 chlorines on the molecule, and 12
chlorinated biphenyls with 4 to 10 chlorines on the molecule. A list of the dioxin-like chemicals
along with their assigned toxic equivalency factors (TEFs) to scale their toxicity relative to the
most toxic congener 2,3,7,8-tetrachlorodibenzo-p-dioxin is shown in Table 1. The relative
potency (REP) values shown on this table and their significance are discussed in greater detail
in Ref. 3.

1.6 Limits of detection

Limits of detection can be adjusted to meet the needs of the project. As the sample size
increases, the detection limit will decrease. Sample sizes of 2 — 10 g will typically give a
detection limit of less than1 pg/g. Limits of detection are determined based on the y-intercept
from the Hill Equation and the standard deviation of the DMSO blanks from the bioassay. The
limit of detection for the plate in relative light units is defined as the greater of either 2.5 times
the standard deviation of the DMSO blanks, or the y-intercept plus 2.5 times the standard
deviation of the DMSO blanks. The limit of detection for the plate in picograms of 2,3,7,8-TCDD
is determined from the relative light unit limits of detection using the Hill Equation. The limit of
detection for each sample is determined based on the amount of sample used, the portion of the
sample extract used and the recovery for that type of sample.

1.7 A tiered approach is recommended for quantification of TEQs in a sample.
1.71 Range finding analysis, the first step

This step can be performed on all of the three sample processing procedures
outlined in Sec. 2.2. The first step is to screen the samples by conducting a range finding
analysis on the sample to determine the proper dilution (see Sec. 4.2). This provides an
estimate of the concentration of dioxin-like chemicals in the sample that is in the linear
portion of the 2,3,7,8-TCDD calibration curve, for both the dioxin/furan and PCB fractions.
The optimal results are obtained with a dilution of the sample that produces an induction
response from the cells that falls close to ECs, (ECs is the equivalent concentration at

SW-846 Update V 4435 -2 Revision 1
July 2014



50% of the maximum response of the 2,3,7,8-TCDD standard) value for the 2,3,7,8-TCDD
standard curve run on each plate. This completes the sample screen procedure. For
more comprehensive sample analysis refer to Sec. 1.7.2.

1.7.2 Quantification analysis, the second step

The second step for comprehensive analysis is to analyze the three individual
extracts of the sample with a positive response at the optimum dilution (determined as
described in Sec. 2.2); this allows accurate estimation of the TEQ value of dioxin-like
chemicals present in a given sample and allows mean and standard deviation
calculations.

1.8 Prior to employing this method, analysts are advised to consult the manufacturer’s
instructions for additional information on quality control procedures, development of QC
acceptance criteria, calculations, and general guidance. Analysts also should consult the
disclaimer statement at the front of the manual and the information in Chapter Two for guidance
on the responsibilities of the analyst for demonstrating that the techniques employed are
appropriate for the analytes of interest, in the matrix of interest, and at the levels of concern.

In addition, analysts and data users are advised that, except where explicitly specified in a
regulation, the use of SW-846 methods is not mandatory in response to Federal testing
requirements. The information contained in this method is provided by EPA as guidance to be
used by the analyst and the regulated community in making judgments necessary to generate
results that meet the data quality objectives for the intended application.

1.9 This method is intended to be performed by trained analysts who are familiar with
organic/analytical sample processing techniques and cell culture techniques. Training on the
CALUX?® bioassay system can be obtained from the manufacturer. Instructions are provided in
the form of standard operating procedures (SOPs), which are detailed and thorough. The
manufacturer (http://www.dioxins.com/) also provides comprehensive training which is included
with licensing the technology. This technology has several steps where attention to detail is
critical to generating acceptable sample results. This includes careful processing of samples
through the extraction and cleanup procedures, pipetting small volumes, and accurately
weighing out samples.

2.0 SUMMARY OF METHOD

2.1 This method is a relatively rapid screening method capable of estimating the TEQs
concentration for dioxin-like chemicals in a sample. The sample is extracted in an organic
solvent and fractionated through the sample processing procedure (see Sec. 11). An extract
that contains the halogenated dioxins/furans is separated from an extract containing the
halogenated biphenyls. These extracts are applied to monolayers of H1L6.1¢3 cells and the
amount of luciferase induction is measured after 20 to 24 hr. A standard dilution series of
2,3,7,8-TCDD is included on each plate of cells. Estimation of dioxin/2,3,7,8-TCDD-like TEQ
activity present in the sample extract is performed by extrapolation to the 2,3,7,8-TCDD
standard curve by least squares estimates with the 4 parameter Hill Equation.

2.2  There are three modes by which the DIPS-CALUX bioassay is performed. These
are the screening mode with historical recovery, screening mode surrogate recovery, and the
semi-quantitative mode. The screening mode involves the analysis of a single aliquot of the
sample and recovery is estimated from the mean of historical recoveries that have been
obtained for soils/sediment samples. This is considered to be acceptable as the variability of
recoveries for soils/sediment samples has been relatively small (76.2 +/- 8.5%). Using this
mode would indicate whether a sample needed to be further analyzed by either the semi-
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guantitative mode or by chemical analysis. The screening mode surrogate recovery involves
processing two aliquots of the sample, the first for analysis in the DIPS-CALUX bioassay and
the second used for the surrogate spike with radiolabeled 2,3,7,8-TCDD to estimate recovery.
The semi-quantitative mode involves analyzing three aliquots of the sample in the DIPS-CALUX
bioassay and a fourth aliquot of the sample used for determination of recovery with radiolabeled
2,3,7,8-TCDD. The cost of sample analysis is dependent upon which mode of the DIPS-CALUX
bioassay is used for estimation of the levels of sample contamination.

3.0 DEFINITIONS

Refer to Chapter One and the manufacturer's instructions for definitions that may be
relevant to this procedure. In addition, see Method 4000 for glossaries of basic terms.

4.0 INTERFERENCES
41 Chemical interference

The chemicals listed in Table 2 are relatively weak agonists for the Ah receptor and induce
poorly. The results in the table demonstrate the percent recovery of each compound in the
clean-up method and the amount of carry-over into the dioxin and PCB fractions (Refs. 7, 33, 35
and 37).

411 PAH interference

PAHSs pose little interference in the method since the extraction and cleanup
methodology employed typically removes virtually all PAHs using an acid silica gel
column. In addition, chrysene, benzo(b)fluoranthene, indeno(1,2,3-cd)pyrene and
acenaphthylene are the only PAHs we have found to bleed through the clean-up
procedure with approximately 5% - 26% (see Table 2) passing through the processing
steps. For the analysis of samples that are expected to have extremely high levels of
PAHSs, users should subject the sample to an additional acidic-silica cleanup step. Testing
the relative activity of the sample after each round of cleanup would reveal whether
additional AhR active chemicals (i.e., PAHs) are removed with additional cleanup. Other
materials such as silver nitrate, florsil and alumina can be used in additional cleanup
steps. However, due to their rarity in the environment, these additional materials are
rarely used.

4.1.2 AhR receptor interference

Compounds that can activate the AhR receptor could result in potential
interference with the determination of TEQ due to dioxins/furans and PCBs. The PAH
class of potential interferences do not typically pass through the cleanup system and
should not be potential interfering agents. The cleanup methodology is outlined in Secs.
11.3 and 11.4. The remaining classes of potential interfering compounds are other
halogenated (i.e., brominated and fluorinated) dibenzo-p-dioxins/furans and biphenyls, and
halogenated naphthalene’s and these appear to have similar toxicological properties as
their chlorinated derivatives. Isotope specific dilution methods using high-resolution mass
spectroscopy high-resolution gas chromatography (HRGC/MS) for quantifying 2,3,7,8-
TCDD do not measure these structurally similar halogenated dibenzodioxins/furans and
biphenyls and this may be one of the primary reasons that estimates of TEQ of dioxin-like
chemicals by this method are slightly higher than HRGC/MS generated estimates of TEQ.
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4.2 Cell toxicity

Extremely high concentrations of PCDD/PCDF or PCB are not cytotoxic to cells.
However, other contaminants that may be present in sample extracts could potentially be
cytotoxic. The manufacturer has generally found that the sample processing procedures used
in this method result in removal of most potentially cytotoxic compounds. The manufacturer as
a standard operating procedure monitors the cells after chemical treatment to determine
whether cytotoxicity has occurred and which could lead to potential false negative results for
dioxin-like TEQ. Cell toxicity is identified if cells are found to be detached from the culture plate
or whether they exhibit a major change in morphology. Generally, both cell toxicity and
chemical insolubility can be overcome by sample dilution. In this method, typically 6 dilutions
are run to reduce potential cell toxicity and overcome any insolubility issues the sample may
have (1:4, 1:10, 1:100, 1:500, 1:1000 and 1:10,000). For samples that may contain components
that are not completely soluble at the above dilutions, the dilutions may be increased to
(1:50,000, 1:100,000, 1:200,000, 1:500,000, 1:1,000,000 and 1:2,000,000). See Sec. 11.4 for
more information.

5.0 SAFETY

5.1 This method does not address all safety issues associated with its use. The
laboratory is responsible for maintaining a safe work environment and a current awareness file
of OSHA regulations regarding the safe handling of the chemicals listed in this method. A
reference file of material safety data sheets (MSDSs) should be available to all personnel
involved in these analyses.

5.2 Safety procedures in compliance with good laboratory practices (GLPs) and OSHA
standards should be maintained at all times. Some reagents may contain hazardous materials
such as solvents and acids; therefore, the technician should use caution when using the
reagents and avoid contact with eyes, skin and mucous membranes. All waste materials and
solutions should be placed in appropriate containers and disposed of according to all governing
state and federal regulations.

5.3 This method employs the use of dilute concentrations of 2,3,7,8-TCDD for the
standard curve; and quality control solutions contain PCB 126, and a solution comprised of all
17 chlorinated dioxin/furan congeners for which the WHO (World Health Organization) has
established dioxin-like TEF values. The analyst should take the appropriate measures when
preparing, handling, and disposing these standards.

6.0 EQUIPMENT AND SUPPLIES

Refer to Table 3 and to the manufacturer’s website (http://www.dioxins.com/) for a
comprehensive list of recommended equipment and supplies.

7.0 REAGENTS AND STANDARDS

71 Reagent-grade chemicals must be used in all tests. Unless otherwise indicated, it
is intended that all reagents conform to the specifications of the Committee on Analytical
Reagents of the American Chemical Society, where such specifications are available. Other
grades may be used, provided it is first ascertained that the reagent is of sufficiently high purity
to permit its use without lessening the accuracy of the determination. Reagents should be
stored in glass to prevent the leaching of contaminants from plastic containers.

7.2 Refer to Table 4 and to the manufacturer’s website (http://www.dioxins.com/) for a
comprehensive list of recommended reagents and standards.
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8.0 SAMPLE COLLECTION AND STORAGE

Sample collection, preservation, and storage requirements may vary by EPA program and
may be specified in the regulation or project planning document that requires compliance
monitoring for a given contaminant. Where such requirements are specified in the regulation,
follow those requirements. In the absence of specific regulatory requirements, use the following
information as guidance in determining the sample collection, preservation and storage
requirements.

8.1 Sample collection

This bioassay testing process employs very small sample volumes. Therefore, sample
collection procedures must focus on the amounts and procedures necessary to ensure that the
sample is representative of the source.

8.2 Sample receiving and tracking

Samples can be shipped directly to the manufacturer, received and logged in via the
manufacturer’s electronic tracking system. Temperature of the samples and the condition of
samples are noted immediately. Any instructions from the client are also noted. The samples
are then placed in the appropriate storage conditions prior to processing.

8.3 Sample and extract storage

Biological samples are generally stored in a —70 °C freezer. Food products are stored at 0
°C — 4 °C depending on individual needs of the sample. Feed, soils and other non-perishable
samples are usually held at room temperature unless the sample requires or the client requests
other storage conditions.

Samples may be extracted and analyzed at the same laboratory or samples may be
extracted and then shipped to the manufacturer for analysis. If extracts are shipped to the
manufacturer, the manufacturer performs the sample cleanup to separate the PCDD/PCDF and
the PCBs from the extract. If a cleanup was already performed on the extracts, no further work
need be done on the samples prior to shipping. The extracts must be shipped in sealed vials.

Storage of extracts can be at room temperature. Extracts must also be covered with clean
polytetrafluoroethylene (PTFE)-lined caps to reduce evaporation or clean aluminum foil, if
extracts are dry.

8.4 Holding times

No maximum holding times for extracts have been established. However, PCDDs,
PCDFs, and PCB have an extremely long half-life and are very stable in environmental
matrices. They are essentially nonvolatile. Clients may request specific holding times for
project-specific applications.

9.0 QUALITY CONTROL

9.1 Refer to Chapter One for guidance on quality assurance (QA) and quality control
(QC) protocols. When inconsistencies exist between QC guidelines, method-specific QC
criteria take precedence over both technique-specific criteria and those criteria given in Chapter
One, and technique-specific QC criteria take precedence over the criteria in Chapter One. Any
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effort involving the collection of analytical data should include development of a structured and
systematic planning document, such as a Quality Assurance Project Plan (QAPP) or a Sampling
and Analysis Plan (SAP), which translates project objectives and specifications into directions
for those that will implement the project and assess the results. Each laboratory should
maintain a formal quality assurance program. The laboratory should also maintain records to
document the quality of the data generated. All data sheets and quality control data should be
maintained for reference or inspection.

9.2 Parts of the quality control criteria outlined in this method are based on methods for
GC/HRMS such as SW-846 Method 8290 and EPA Method 1613. For a more detailed
description of the QC process please refer to Ref. 3, Appendix B, available from the
manufacturer’s website (http://www.dioxins.com/).

9.2.1 Initial demonstration of proficiency

Each laboratory must demonstrate initial proficiency with each sample
preparation and determinative method combination it utilizes by generating data
of acceptable accuracy and precision for target analytes in a clean matrix. Ata
minimum, such a demonstration will encompass the initial demonstration of
proficiency described in method 3500, using a clean reference matrix. The
laboratory must also repeat the demonstration of proficiency whenever new staff
members are trained or significant changes in instrumentation are made. See
Method 8000D, Section 9.3 for information on how to accomplish a
demonstration of proficiency.

9.3 Monitoring of solvents used in sample preparation is conducted on a regular basis.
Each lot of solvent is tested by evaporating a 5-mL aliquot of the solvent into 4 uL of DMSO.
The DMSO solution is suspended in cell culture medium and exposed to the cells. All solvents
are tested for reactivity in the assay prior to use and a relative light units (RLU) induction of less
than 2 times background must be obtained for the solvents to be used. A solvent blank is also
included in each batch of samples. The solvent blank is treated in the same way as the
samples and serves as a control to monitor for contribution of activity from any of the solvents or
column matrices used in sample preparation.

94 Reference samples were prepared from lake sediment materials that were finely
ground (solids) and analyzed twice by GC/HRMS for dioxin TEQ (average GC/MS TEQ = 13.6 +
6.8 pg/g). The lake sediment material was then spiked with 30 pg/g 2,3,7,8-TCDD to provide a
final dioxin TEQ concentration equivalent to the action level. The reference material was
shaken or stirred for three days, aliquoted and an aliquot was analyzed by GC/HRMS. The un-
spiked reference sample is included in each sample batch and is prepared and analyzed using
the same method as the unknown samples. Figures 2 and 3 show the QC charts for the un-
spiked lake sediment reference sample for 2003 and 2004 respectively. Figure 4 depicts the
QC chart for the spiked lake sediment reference sample.

9.5 Quality control (QC) charts are maintained for all reference samples as well as for
a standard solution of PCB 126 and a mixture of the 17 dioxin/furan congeners (those
congeners assigned TEF values for dioxin-like activity by the WHO) that are analyzed on each
plate (each of these standard solutions produces a response near the middle of the dose
response curve). These figures are generally reported as a three-month average. However, the
data for these samples can be monitored over longer time periods to insure against longer-term
variation in the assay (Figures 5-8). In QC charts, the results for the standard mixtures are
reported as a ratio relative to the 6.25 pg/g point of the 2,3,7,8-TCDD standard curve (near
middle of linear range) and the reference materials are reported as the TEQ estimate
determined from the standard curve. If the reference material or either of the standard mixtures
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differs by more than two standard deviations from the moving average or a reference material is
below the limits of detection, the plate is declared invalid and all samples on the plate are
reanalyzed. Figures 5 and 6 depict the QC charts for the PCDD/PCDF standard mixture for
2003 and 2004 respectively. Figures 7 and 8 depict the QC charts for the PCB 126 for 2003
and 2004 respectively. Figures 9 and 10 depict the 2,3,7,8-TCDD standard curves for 30
samples in 2003 and 2004 respectively.

9.6 Quality control criteria for use of this method as a semi-quantitative estimate of
dioxin TEQ

In addition to the quality controls used in the screening assay, the 2,3,7,8-TCDD standard
curve is modeled to a sigmoid curve described by the four parameter Hill Equation using a least
squares best fit. Estimation of TEQ values for sample extracts are conducted based on the
derived Hill Equation with the following limitations listed (i.e., PCB fraction response must be
less than 50% of 2,3,7,8-TCDD maximal response and dioxin/furan fraction response must be
less than 75%). Any samples that exceed these limits, or are below the limits of detection, are
reanalyzed using appropriate sample dilutions.

9.7 Recovery determination

Recovery determination (as described in Sec. 10.2 for 1,2,3,4-TCDD and 4C labeled
2,3,7,8-TCDD recoveries) is conducted using a duplicate sample that has been spiked with
either congeners that are radioactively labeled, or with a known amount of an equimolar mixture
of the unlabeled 17 congeners (see Figure 1). Using the radioactively labeled spike, the
recovery is the percent of the recovered spike versus the amount added to the sample as
determined by liquid scintillation. For the unlabeled spike, subtracting the TEQ for the sample
from the TEQ for the spiked sample and dividing the result by the TEQ for the spike determines
the recovery. For a more detailed description of the QC process please refer to Ref. 6,
Appendix B available from the manufacturer’s website (http://www.dioxins.com/).

9.8 Limits of detection

Limits of detection are determined based on the y-intercept from the Hill Equation and the
standard deviation of the DMSO blanks from the bioassay. The limit of detection for the plate in
relative light units is defined as the greater of 2.5 times the standard deviation of the DMSO
blanks, or the y-intercept plus 2.5 times the standard deviation of the DMSO blanks. The limit of
detection for the plate in pg of 2,3,7,8-TCDD is determined from the relative light unit limits of
detection using the Hill Equation. The limit of detection for each sample is determined based on
the amount of sample used, the portion of the sample extract used and the recovery for that
type of sample.

99 Standards, reagents, solvents and any other materials used in the extraction, clean
up, and analysis, must be properly stored and must never be used beyond the manufacturer’s
and/or supplier’'s expiration dates. A standard expiration time of one year is utilized for all
solvents and reagents.

10.0 CALIBRATION AND STANDARDIZATION

Calibration and standardization of each assay is very important to ensure accuracy of any
measurement of any system. The following is a description of the necessary calibration and
standardization procedures for this method. Also see the manufacturer’s instructions for
information that may be relevant.
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10.1  Calibration and standardization of each assay

Calibration and standardization is performed with each assay. An eleven point standard
curve of 2,3,7,8-TCDD (100 pg — 0.0977 pg) is run on each 96-well plate analyzed. Each plate
also contains 7 additional QC calibration points consisting of 4 DMSO solvent controls, 1 media
blank QC, 1 dioxin QC standard (contains all 17 dioxin congeners recognized by the World
Health Organization), and 1 PCB QC standard (80.5 ng/ml PCB 126). For internal recoveries, 2
additional QC samples are added to estimate recovery. The dioxin and PCB QC points are
compared to the 6.25 pg point on the standard curve and entered into their respective QC
charts. See Sec. 10.2 for an explanation of the percent recovery points. This gives this method
20 QC calibration points.

10.2 Recovery determinations

Analyses of recovery determinations are very important for quantitative bio-analytical
methods for dioxins/furans and PCBs. Bioassays do not differentiate between isotopically
labeled and unlabeled analytes. Therefore, recovery determinations in bioassays can be
accomplished with a surrogate sample spiked with a radiolabeled congener of dioxin. It has
been demonstrated that 1,2,3,4-TCDD, a biologically inactive congener of the dioxin family of
chemicals, can be used as an internal spike to determine recoveries of dioxin-like chemicals.
Samples were spiked with '*C labeled 2,3,7,8-TCDD or 1,2,3,4-TCDD and submitted to
extraction and clean up using the cleanup method in Sec. 11.3.2. The cleanup column is
differentially eluted to yield a PCB and PCDD/PCDF fraction. The 1,2,3,4-TCDD spiked
samples were resuspended in toluene containing four PCB injection standards, and recoveries
determined by gas chromatography with electron capture detection or scintillation counting.
Average recoveries determined by 1,2,3,4-TCDD with paired samples spiked with "C- 2,3,7,8-
TCDD indicated that the recoveries determined by the two methods were very similar, 88.5% (+
1.2%) and 87.2% (£ 2.4%), respectively (see Figure 1). Recovery determinations were also
verified by HRGC/HRMS. This procedure allows for quantitative determination of dioxin-like
chemicals in various sample matrices. For a more detailed description of the QC process refer
to Ref. 6, Appendix B, available from the manufacturer’s website (http://www.dioxins.com/).

11.0 PROCEDURE

This section describes the following procedures used in this method: Growth and storage
of the mouse H1L6.1¢3 recombinant cell line; preparation of 96-well plates, extraction and
cleanup of samples, dosing plates and analysis of the data.

CAUTION: Always use sterile techniques when working with cells.
11.1  Cell culture
11.1.1  Culturing the H1L6.1c3 cell line

The recombinant H1L6.1¢c3 mouse cell line (Ref. 41) is grown at 37 °C in 5% CO,
and 100% humidity. Cells are grown in plastic cell culture flasks containing RPMI 1640
media supplemented with 8% fetal calf serum (FCS) and 1% penicillin/streptomycin. No
external selective pressure (i.e., Geneticin -- G418) is needed to maintain the stable
integration of the DRE-reporter plasmid in the cell line.

11.1.2 Cell storage

Cells are stored in liquid nitrogen. After growth, the cells are placed in a freezing
media, consisting of RPMI supplemented with 10% FCS, 1% penicillin/streptomycin, and
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8% DMSO. Cells are stored at 1,000,000 — 2,000,000 cells per mL in 2-mL cryogenic
vials. After the cells and freezing media are placed in the vials, they are stored at —70°C
for 24 hr and then transferred to the liquid nitrogen Dewar for long-term storage.

11.1.3 Thawing cells

Cells are stored in a liquid nitrogen Dewar in 2-ml cryogenic vials. These vials
are removed from the Dewar and the screw cap loosened slightly to release any excess
gas. The cap is then tightened and the vial is thawed quickly by placing it in either a
water bath or an incubator at 37°C until thawed. The cell and freezing media mixture is
then transferred to a 50-mL centrifuge tube and 10 to 20 mL of RPMI 1640 is added and
centrifuged at 2000 rpm for 10 min. The media is removed from the cells and 5 mL of
fresh RPMI 1640 is added.

The cell pellet is disrupted by repeated pipetting in the media and placed in a
25cm? culture flask for growth.

11.1.4 Growth and splitting cells

The cells are first grown in 25-cm? flasks to 80% confluence before transfer to a
75-cm?flask, which is also grown to 80% confluence. The media is removed from the
flasks and cells are washed with PBS. Two mL of the trypsin is then added to the flask
and allowed to incubate at 37°C for 5 to 10 min. The flasks are then washed with PBS to
remove all of the cells from the growth surface and pipetted into a 50-mL centrifuge tube,
containing 5 mL of RPMI 1640 medium, and centrifuged at 2000 rpm for 10 min. The
cells are then transferred to two 75-cm? flasks containing 10 mL RPMI 1640 each.

11.1.5 Counting cells

After trypsinizing and centrifugation of the cells, the cells are counted using a
hemocytometer. After centrifuging the trypsinized cells, the cells are re-suspended in 30
ml of RPMI 1640. Fifteen microliters of this solution is then placed on the hemocytometer
for counting. Four of the quadrants on the hemocytometer are counted: the upper left,
upper right, lower right, and lower left. Determine the average of the 4 counts. The volume
of each square is 10 mL, therefore: cells/ml = (average number per large square) x
10*/ml. x 1/(dilution). This count is used in the plating of cells (see Sec. 11.2.1)

Example: Starting dilution: 30 mL
Total count of cells for all four grids: 468
Average of four grids: 117
Average / 75 (equivalent of 75 x 10%) = 1.56
1.56 x starting dilution (30 mL) = 46.8
Add 16.8mls (to the original 30 mL dilution) for a total of 46.8mls.
On average, 20 mL are needed for one 96-well plate.

11.2  Preparation for testing

First determine the number of samples, standards, blanks and QC to be tested per batch
and prepare plates with sufficient number of wells to accomplish the test.

11.2.1  Plating cells

Remove a 96-well plate from sterile package. Using the eppendorf multi-pipettor,
pipette 200 ul of cell/media solution to each well (see Sec. 11.1.5). Label plate with date
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and time of plating and cell concentration. Incubate plate(s) at 37°C in an atmosphere
supplemented with approximately 5% carbon dioxide. Cells incubate for minimum of 24 hr

before dosing.

11.2.2 Dosing cells — Prepare 2,3,7,8-TCDD standard curve

6)

A stock solution of 50 ng/mL 2,3,7,8-TCDD is used to
generate an eleven point standard curve.

Place 4 uL of dimethyl sulfoxide (DMSQO) to each

of the eleven test tubes.

Add 4 uL of the 50 ng/mL 2,3,7,8-TCDD solution to

the first tube and thoroughly mix (25 ng/mL solution).
Transfer 4 uL of the solution in the first tube to the
second test tube and mix using a vortex.

Continue the process of producing two fold dilutions until
you have added 4 uL of the mixture in tube 10 to

tube 11. Mix tube eleven, and discard 4 puL of the
mixture from tube 11.

This produces a 2,3,7,8-TCDD standard curve composed
of the final concentrations listed in Table 7.

NOTE: The standard curve should be treated the same way as the samples. The
same lot of hexane used to prepare the sample extracts should also be used to
add 1 mL of hexane to each tube in the standard curve.

11.2.3 Dosing cells -- Prepare samples for dosing

1)
2)
3)
4)

5)
11.2.4 Dosing plate

1)

2)

SW-846 Update V

Add 4 puL of DMSO to 13-mm tube.

Add an appropriate sample amount.

If sample is less than 1 mL, add hexane to sample until

1 mL is reached.

Concentrate samples for 6 minutes, then an additional two
minutes to remove any remaining solvent.

Add 400 pL of RPMI 1640 cell culture medium
(supplemented with 8% fetal calf serum and 1%
penicillin/streptomycin solution to each sample tube and
vortex for 15 sec.

Remove the 96-well plate of cells that have been
incubated for 20-24 hr, at 37°C in an atmosphere of
approximately 5% carbon dioxide, from the incubator.
Place a piece of absorbent paper in the bio-hood.
Remove plate lid and invert the plate and tap it on paper to
remove medium.

After visually inspecting the plate, add 200 puL of sample to
be tested to each well. When adding the sample, place
the tip of the pipettor on the wall of the well and pipette
slowly. This is done so that the cells layer is not disturbed.
Once all samples have been added, record date/time on
plate and place the plate in the incubator for required time.
Cell line H1L6.1c3 is incubated with a chemical or extract
for 20-24 hr.
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11.2.5 Cell lysis and luciferase activity measurement

After the appropriate incubation time (see Sec. 11.2.1) the plates are removed from
the incubator and the media removed. Each well is rinsed with 50 uL PBS. After which
each cell is inspected for cell viability, noting any damaged, morphologically changed or
missing cells. White backing tape is then applied to the bottom and 30 uL of Promega
Lysis buffer is added to each well. The 96-well plate is then shaken for 1 min before
inserting the plate into the microplate luminometer. For analysis of luciferase activity, 50
uL of luciferase substrate (luciferin) is automatically injected into each well, the mixture is
allowed to incubate for 5 sec followed by quantitation of luciferase activity (light
production) over a 15 sec-time period. The light produced from the cleavage of luciferin by
luciferase is expressed as relative light units (RLUs). These RLUs are then analyzed
using a Microsoft® Excel spread sheet that calculates the TEQ for the dioxin/furan and
PCB fractions.

11.3 Experimental set-up, sample extraction and clean-up
11.3.1 Experimental set up

Samples are first logged in to the manufacturer tracking system and assigned
project numbers and individual sample numbers. Next the number of samples, solvent
blanks, QC’s and recoveries are calculated to determine the number of extractions
necessary.

11.3.2 Sample extraction and clean-up

Samples are extracted using a modification of the Method 8290 extraction method
(for soil, sediment, and ash). Three dried aliquots of each sample are ground (when
possible) and two to ten gram aliquots are placed in solvent cleaned glass vials fitted with
PTFE-lined caps. For the screening process, one aliquot of the sample is used, and
another aliquot is processed for recovery purpose if historical recovery data is not used.
The samples are extracted with a 20% solution of methanol in toluene, then twice with
toluene. Each extraction of sample with solvent is incubated in an ultrasonic water bath
for approximately 10 minutes. The three extracts from each sample are filtered, pooled
and concentrated by vacuum centrifugation. The sample extract is then suspended in
hexane and prepared for the clean-up method. The clean-up system consists of two
piggy-backed columns. The first column is an acid silica gel chromatography column used
to remove PAHs. The second column is the XCARB clean-up column. The XCARB
column is an affinity column that binds halogenated dioxins/furans and biphenyls. These
chemical classes can be differentially eluted first with a mixture of hexane, toluene and
ethyl acetate solution to elute the PCB fraction. Next, the column is inverted and rinsed
with toluene to elute the dioxin/furan fraction. The eluate from the clean-up method is
concentrated under vacuum. This is then brought up to 4 mL in hexane for dilution
analysis in the bioassay.

11.4  Preparation of cleaned-up samples for analysis

After the samples are passed through the clean-up system and re-suspended in 4 mL of

hexane (see Sec 11.3.2), a range finding is performed on the samples by diluting them (1:4;
1:10; 1:100; 1:500; 1:1000; and 1:10,000). For suspected high level samples, where higher
chlorinated dioxin/furan insolubility may be present, range finding dilutions are increased
(1:50,000, 1:100,000, 1:200,000, 1:500,000, 1:1,000,000 and 1:2,000,000) (see Sec 4.2). This
allows for a range finding estimation of the dioxin/furan and PCB content and to look for any
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problems with insolubility of the dioxins/furans and PCBs in the sample. The sample aliquots
are then concentrated under vacuum into DMSO and re-suspended in 400 uL of RPMI 1640

and dosed on the plated cells (see Sec. 11.2.4). The cells are incubated in a humidified CO,
atmosphere for 16-24 hr and then assayed for luciferase activity.

11.5 Alternative sample extraction for detection of PAH content

The experimental set up is identical to the dioxin and PCB analysis (see Sec. 11.3.2). The
only differences from the previous method in Sec. 11.3 are that there is no clean-up step
performed and that the bioassay is only incubated for 4 hr instead of the standard 16-24 hrs.
The sample is extracted, pooled and concentrated and then dosed without clean-up as in Sec.
11.3.2. This will give a total TEQ score for the PAHSs in addition to the dioxins/furans, PCBs and
any other AhR active chemicals in the sample extract. To calculate the estimate of PAH, the
sample is run through the full process and the two results are compared. The PCDD/PCDF and
PCB results are subtracted from the previous results. The result would be the estimate of PAHs
within the sample.

12.0 DATA ANALYSIS AND CALCULATIONS

Data analysis and calculations are performed in an Excel spreadsheet using the RLU data
produced by the luminometer. The following is a description of the procedure for data analysis
and calculations (also see Figures 11-14).

12,1 Exporting RLU data
A Microsoft® Excel spread sheet is used to analyze the data.
12.1.1  Luminometer data

Data from the luminometer is exported to a Microsoft® Excel spreadsheet (“raw
results”) at the completion of the Standard Luciferase Assay. This Excel worksheet then
graphs the data as CALUX® activity in RLUs versus concentration of the test compound
(Figures 11 — 14).

12.1.2 Background subtraction

The data collected by the luminometer(“raw results”) includes contributions from
induced expression of luciferase caused by the presence of the test compound, as well as,
contributions by background production of luciferase and the “dark current” from the
photomultiplier tube. In order to identify the component contributed by the induced
expression of luciferase, the results from a blank well is subtracted from the “raw results”.
This blank well contains cells that were exposed to cell culture medium dosed with 1%
(v/v) DMSO (see Figure 11).

12.1.3 Standard 2,3,7,8-TCDD curve

A standard curve for 2,3,7,8-TCDD is included in each experiment. Refer to
Sec. 11.2.2 for solution makeup (see also Figures 11 - 14).
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12.1.4 Four parameter Hill Equation formula

Results are calculated using TEQ values for the sample based on a least
squares best fit of the standard curve of 2,3,7,8-tetrachlorodibenzo-p-dioxin (see
Sec.12.3 and Figures 13 and 14).

12.2 ECsy determination

The first step in determining the ECs, of a standard curve is to look at the curve for the
compound and determine if it has a sigmoid shape. If it does not, the standard curve cannot be
used for determining the results of the assay.

12.2.1 Standard curve

At low concentrations a sigmoid curve should remain near the background level or
slowly increase with increased concentration until a threshold is reached. At this point the
dose response curve should become steeper and remain linear with increasing
concentration. Eventually, the response should reach a maximum. Increasing
concentrations will not result in increased response, as the dose response curve flattens
out.

The response at the higher concentrations of 2,3,7,8-TCDD results in saturation of
the RLU response. Generally, the linear portion of the curve is used to perform a
regression analysis with the concentration of 2,3,7,8-TCDD plotted versus relative light
units (RLUs). The linear portion of the curve generally includes RLU responses between
300 and 8000 RLU units.

12.2.2 Linear portion of standard curve

Generally the linear portion of the sigmoid curve will cover a 50 to 100-fold range of
concentrations. In order to make a good estimate of the ECsg it would be preferable to
have at least four data points within this linear region (2 or 3-fold dilution series) (see
Figures 13 and 14).

12.2.3 Calculating ECs
The ECs, for a sample is calculated using Microsoft Forecast Function. First, the
midpoint of the linear portion of the standard curve is determined. Then, the forecast
function is applied to the three data points surrounding the midpoint.
Excel forecast formula: FORECAST (x,known_y's,known_x's)
12.3 Calculation of TEQ -- Least squares, best fit
Least squares, best fit is used to predict the best fit for the data using a four variable Hill
Equation with the natural log of the 2,3,7,8-TCDD concentration in femptograms/tube plotted
versus relative light units (RLUs).
The response of a sample is compared to the response of 2,3,7,8-TCDD, corrected for

dilution of the unknown and assigned a relative concentration to 2,3,7,8-TCDD (TEQ) (see
Figures 11 - 14).
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13.0 METHOD PERFORMANCE

13.1  Performance data and related information are provided in SW-846 methods only
as examples and guidance. The data do not represent required performance criteria for users
of the methods. Instead, performance criteria should be developed on a project-specific basis,
and the laboratory should establish in-house QC performance criteria for the application of this
method. These performance data are not intended to be and must not be used as absolute QC
acceptance criteria for purposes of laboratory accreditation.

In the case of this method, any test kits used must be able to meet the performance
specifications for the intended application. Also, follow the manufacturer’s instructions for
quality control procedures specific to the test kit used.

13.2 Field studies

Field studies have been conducted at an EPA-sponsored SITE study in Saginaw, MI (April
26 — May 1, 2004) using this method, and a mobile lab was set up for analysis of soil/sediment
and extracts in the field. In addition, pre-site soil/sediment and extracts were tested at the
manufacturer’s facility and the data for the pre-site samples is included in this report (see
Figures 15 - 17). Ninety-six well assay plates containing mouse 6.1 cell line were sealed at the
manufacturer and transported to the site in an airtight box. Extraction and clean-up columns
were also pre-made at the manufacturer and transported to the SITE study location. Samples
were extracted and cleaned up on site in the mobile lab and analyzed using the sealed plates
produced at the manufacturer. The plates had been sealed for 7 days prior to use. An airtight
box was used in the field to see if it could be used in place of a standard humidified CO,
incubator. The analyst can breathe into the specially made valves giving the cells the gas
concentrations needed, or use a 5% CO, tank if desired. The airtight box can then be placed in
a 37 °C water bath for 16 - 20 hr to control temperature during incubation. The comparison
results between the airtight box and the incubator are included in this report (see Sec. 12 and
Figure 17). These data are provided for guidance purposes only.

13.3 The following figures demonstrate the correlation between this method and GC/MS
determinations. Figures 15 — 17 represent data from the EPA pre-SITE study samples. Figures
18 — 22 represent samples from the EPA, waste sites, and Asian companies. Figure 23
represents the standard solutions from an international cross-lab validation study. Figure 24
represents the correlation determination for all sample matrices. These data are provided for
guidance purposes only.

13.4  Figure 15 represents the dioxin/furan TEQ comparison of this method to GC/MS for
soil samples for pre-field testing during the EPA SITE field study. These samples were
processed in March of 2004 using the screening technique with a surrogate recovery. These
TEQs were calculated using the WHO 1997 REP values. These data are provided for guidance
purposes only.

13.5 Figure 16 represents the PCB TEQ comparison from this method to GC/MS for soil
samples for pre-field testing during the EPA SITE field study. These samples were processed
in March of 2004 using the screening technique with a surrogate recovery. These TEQs were
calculated using the WHO 1997 REP values. These data are provided for guidance purposes
only.

13.6  Figure 17 represents the dioxin/furan TEQ comparison of this method using the 37
°C water jacketed incubator to the results obtained using an air tight chamber kept at 37 °C for
soil samples for pre-field testing during the EPA SITE field study. These samples were
processed in March of 2004 using the screening technique with a surrogate recovery. These
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TEQs were calculated using the WHO 1997 REP values. These data are provided for guidance
purposes only.

13.7 Table 8 outlines the TEQ-pg/g for the soil samples for pre-field testing during the
EPA SITE field study. This table represents the dioxin/furan TEQ comparison of this method
using the 37 °C water jacketed incubator to the results obtained using an air tight chamber kept
at 37 °C. These samples were processed in March of 2004 using the screening technique with
a surrogate recovery. These TEQs were calculated using the WHO 1997 REP values. These
data are provided for guidance purposes only.

13.8 Figure 18 depicts the dioxin/furan TEQ correlation between this method and
GC/MS for soil samples. The GC/MS data was generated by three different companies. See
Appendix A (available from the manufacturer’s website http://www.dioxins.com/) for the data
table comparing data from this method to GC/MS for each individual sample and company. See
Table 9 for individual sample data correlations. These data are provided for guidance purposes
only.

13.9  Figure 19 depicts the dioxin/furan TEQ correlation between this method and
GC/MS for Ash samples. The GC/MS data was generated by three different companies. See
Appendix A (available from the manufacturer’s website http://www.dioxins.com/) for the data
table comparing data from this method to GC/MS for each individual sample and company. See
Table 11 for individual sample data correlations. These data are provided for guidance
purposes only.

13.10 Figure 20 depicts the dioxin/furan TEQ correlation between this method and
GC/MS for Exhaust extract samples. The GC/MS data was generated by three different
companies. Please see Appendix A (available from the manufacturer’s website
http://www.dioxins.com/) for the data table comparing data from this method to GC/MS for each
individual sample and company. See Table 13 for individual sample data correlations. These
data are provided for guidance purposes only.

13.11 Figure 21 depicts the dioxin/furan TEQ correlation between this method and
GC/MS for Soil Extract samples. The GC/MS data was generated by three different companies.
See Appendix A (available from the manufacturer’'s website http://www.dioxins.com/) for the
data table comparing data from this method to GC/MS for each individual sample and company.
See Table 10 for individual sample data correlations. These data are provided for guidance
purposes only.

13.12 Figure 22 depicts the dioxin/furan TEQ correlation between this method and
GC/MS for Ash Extract samples. The GC/MS data was generat